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Ai)stracl.
‘1’hc J1’1, Mkl V illtc]fclo]l]c[c]  is a l~:lllc)[)l]-[~c)lllc  171’11<  spccll  on~ctcr.  Its broad bandjms  and high
spectral rc.solulion  allow many different atnmphcric  gascx (0 bc mcasure(i  sillllllt:tl}eC)Llsly.
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Summary.
Remote sensing of tbe liartb’s atmospbcrv by viewing tbc limb provides a high sensitivity

to trace gases because of the very long path lcngtbs  that arc attainable. This makes the results
insensitive to local contamination m wall effects which can cause significant systematic errors
in in-situ sampling mc(bods. Tbc spatial molution  is, however, nmcb poorer: “J’ypicalty,  the bulk
o f  tk absorbins gas along a l i m b  patl~  wilt lx sprcact  o v e r  a volume mciisuring 350 km
bori~ontally  and 2 km vertically.

“1’he  solar absoq~lim  tcchniquc has been Cmployc[l  for many years as a tool for
atrnospbcric  remote sensing and krlds a number oj” advantages over remote sensing tecbniqucs
wliich employ tbcma]  emission. Its m:iin attraction is that the sun, being very brigbt and stable,
allows bigb signal-to-noise ratio spectra to bc recorded  rapidly. ‘1’his is especially true at sborl
wavelengths 2-5 ~~n], where tbc atmospheric l’lanck function is very weak and very tcnqmaturc-
dcpcndcnt.  Morcovcr,  for solar absorption slxclu[J1]lct]”y,  tl]cinstllll~lcrlt  optics nccdnot bccookd
since their tbcrmal  emission is negligible colnparc.d  witt]  the solar radiance, CVCII at ]2 /JIn. sr)]aI

absorption spc.ctra  arc also self-calibrating in tbc sense that tbc Ycro level  ami the continuurll  level
can be determined from tbc spectrum itself, the f<~rnm” from opaque regions (e.g. saluratcd  lines
zind outsick  the spcc[ral banctpttss)  where tbc signal  is known to be Ycro, and the lat(cr from
higilly tiamsp:lm~t  regions bctwccn tlw absorption lines. ‘1’bus, fd]scma(icrl)  time need nol bc
wasted viewing, cold and warnl calibration targets, a s  i s  nc.ccssary in tbcrnlal  Clllis::ior]
sj)cctromcwy.  Of course, the solar absorpti(m (ccl) l)iquc also lI:IS (iis;l(l~’:it)l:igcs:  One cat) obtain

.

])rofiles only at surlse( or sunrise or by dayli]nc  :Ilti(udc  cbangcs” , solar absorption fcalurcs  can
confuse tbc spectral fitting; and the sunset/sunrise. wiriations of g,ascs cat) cause ambiguily  in tbc
rctricvcd  profiles.

‘1’bcJ1’l.N4klV  ll](crfcr[)]l~ctcr  is:il]igl]  rcstJILlli()llI  rl`lRs~~cct[c)]l~ ct~l]t~L]ilt  at JI’l, in 1984
for atlnosphcric  rCIIKMC sounding. It sbarcs marly similarities with tbc Arl’h40S  ins(mmcnt
(I:arlner et a]., 1 987) wbicb flew 4 times on the SIIu((lc. ‘1’bc most notcwortby  improvement is (hat
the Mkl V employs an lnSb pbotodiodc  in parallel wi[h its llgC.dl’c  ~>tlotoc(~rl(illct~>r  in order {o
receive tbc short wavelengths, wbicb arc reflected from ii dichroic. ‘1’bus, tbc entire 650-57(K) cn~-t
spectral  region is mcasurect  si[lllllt:tflcollsly,  rather than bc.ing clivide.d into narrower regions which
arc observed sequentially. l’bis arrangement confers ii surprising number of advantages: (i) ‘1’wo
moving parts (tbc fll(cr wbccl & tbc field stop wheel) arc climinatcct,  (ii) tbc lnSb pho[odiode
is a much more linear detector than a IlgCd’l$c  ~Jllotocorldl]ct(Jr”  and so its 2KI0 offsets arc much
smaller, (iii) a greater number and wider choice of spectral lines :irc available for analysis, (iv)
al] gases arcmcasurcd at thcsamctinm  in tbcsamc  airmass, glcatlys  irlll}lifyiJ]g  tl]cil]le]~lrctiitic)l]
of tbc rctricvcd profiles.

A disadvantagcof  employing avcry wide spc.c(ral  clomin is that tbc signal-to-n(lisc ratio
easily bcmmcs limited by the dynamic range of tbc digiti~cr, which for Mkl V is cffcc(ivc]y  19
bits. Wl]ilcforst](lrlgly absorbinggascs this is not aumccrn, forgascs  wbme absorption features
arc  comparab l e  with the noise l e v e l  digit iulion  can bc a ]Ilajor sc)llrcc  of  ullc-crtair]ty.



Calculations have rcveald  that f(w oul  lnSb  pho[oditdc  digiliutioll  is our Icxling  noise (crm,
closely followed by source photon noise. 1 ‘m our } 1:,( ‘d’1’c I>lJ{JtocoJ)[lLictC)r,” dctcct~~l  noise is [llL’
Icading rmisc lcm closc]y followed by ctigitiz,cl  noise.

A two axis suntl”ackm,  des igned  and bui]l b]r Illc ~~nivcrsity  of ]knvc’r,  supp]icd (lw

iIltclfcIolllctcl  wi[h a direct  beam of sol:tr radiation  along i[s op(icti]  axis, i[lcspcc[ivc  of Illc
oricn[ation  of the gondola. ‘]’hc suntrackcl”  i]nagcd ii portion  of tl]c. di[cct solar beam onto a
silicon quaclrzint  clclcctor  in order to provide error signals for the azimuthal  and clcvalio]l  scwo
systems. A 950 nm long pass filter minim i~.cd the susceptibility of the suntracker  to sc:ittmxl
radiation. ‘1’his system pmvidccl pointing :tccuracy of M).02° under bright sun conditions. lJndcJ
dimmer  conditions C]cctl”ica!  offsc(s cou]d cause mmh larger pointing errors LInlcss  they were

calcfully  JIullcct prior to flight.
‘1’hc fic]d of view of the intcrfcmmctcr was defined by a 0.75nl  focal length off-tixis

paraboloid which ima~cd  the illtcrfclc)l]lctlic:illy Illodulalcd  solar disk onto cold circular field
stops insicie  the detector  dcwaw. “1’his admitlcd a 4.3 mrad diameter pmlion  of [I)c solar disk [()
the 1 lg(:drl’e  detector  and a 3.6  JMIKi  diamctu porliwl 10 the  lnsb dctcctol’.  ‘1’lIC a(lvantagc of JIO[

rcjcctillg unused  porlions  of the solar disk bcfom they cntc.r the iIltcrfcl(J1llctcl  is that the
telcscopc  and collimating optics am cliIllinatcd.  ‘1’hc only disadvantage is that wedge angle on
(he optical components has tobc largccnough  to displace the multiply rcflcctcd  solarbcam  by
a full solzirdialllctcr,  ratllcrtl]a[ljl[st  ttlcir]stllllllcl]t:ll I:OV clianmtc).  omissiono  fatclcsmpcis
fcasitJlc florllb alloont lccaLlsct  llct:i[]gcIltl >oiIlt  isl~cvc]lllOret tla1~4Wk  [llfrolllt tlcb;lllooI~  (and
usually much closer) and so the vertical smearing due to the finite 1 QV ( 1.4- 1.7 km full width)
was always sJmllcr than the fundamental 2 km limitation imposed oJl rcJmtc  mcasLlrcJncnts  by

(1IC a(mo::phcric  cu]vaturc  and scale height.
l.ikc A7’MOS,  the Mkl V intcrfcromc[cr  takes data in both scan directions; forwal-d  and

I’c\’cJ’sc. ‘1’hc original motivation for doing this was (0 impmve its duty cycle. 1 10 WCVCI, it is
impor(anl  10 mcognix  that if single-sided il][c]fcl[):,riillls  at-c takcIl, tllctt  il is csscn(ia] 10 sca II
in both diwctions so that certain types of sys(c]nalic  cm)r can cancel wi]cll the fonvald a[ld
J“C\)C1’SC SpCCtl”21  211’C 21 VCJ”:i~Cd.  oll C CX:IIN})]C  is t]ldl  Chdll~CS in solar  brip, htncss during at]
interfcmgrall]  alters the relative depth of’ the bread and nam~w spectral features. A dccmasc  in
Solal illtCJISity  (t UJ’i Jl~ a fO~W2U’d  J“llll  Woll]d WC21kCll ttlC Stl:lI’\)  Sj)CC(l’d  ]illCs  (fol’llkd prilllal’ily bV
the higil  01’1 J pol”tiozl  of the illtcl’fcl’ogl’;llll),  w’]lcrcas dul’it)g  a I“CVC.ISC run the s[lar[~  spcctj”:il  ]im’s
would  bc strengthened. If only forward JLins (si[iglc-si(lcd)  were rccor(lcci during an cxtcndcd

period of solar dimming (e.g. sunset), systematically low colun]n abundiinces  wou]d bc m[[’icvcd.
1 lowcvcr, if fcmvmt and reverse rLIns were averaged with equal weight, this bias is eliminated.

since  September  ] 989 nine ba]]om ftights !lavc  been conducted; seven from l;(. Sun~t]cI,
Ncw Mexico, one from I)aggctt, ~aiifomia,  and one from ] ,ynJI ] .akc,  Manitoba. Since the Mk]V
usLIally  flies with other  instrLlmcnts  OJ1 the saJnc gondola the  total payload weight can be as large

as 1500 kg. l“;loat  altitudes were in the mtlgc 36 to 41 km ctcpending  cm the total payload wcigh[

and the type of balloon.  ~’hc balloon operations (launch, contro], tcmination  and recovery) were
conducted by the National Scientific Balloon liacility  (NSlll:).  Ascent to float altitude typically
tOOk ] 60 JlliJILltCS aflC~ WhiCh  the  balloon  dliflC.d  W i th  thC WiIld. ‘]’hC C)JI]y COl)tl’0]  that  one hM

OVCI lhc ballom  tr:ijcctory  is in the ability to chaIIgc altitude, either by dropping ballas( or by

O]) ClliIlg VCJlt valves OJ1 lhC tOp Of thC. bal]OOI1. ‘1’hC flight 1S tcl”mina(cct  by CO]]lllMIId  fr[)m the
ground, usually when the balloon is over flat, accessible tcmin. ‘1’hC  baliOOJl iS SC\)al”atCd  fl’OJll

the  parachLltc,  on which the gondola takes about 40 n)inLltcs  to reach the g round

Okl’vccl f r om  the  &’OLllKi,  ttlc Sllll is only 40% as br ight  as scc.n fmll] balloon  float



altitude al sLII)sc( (c(~itlcidc.l~t:illy,  this flgllrc  is lhc satllc for boll)  lIw I lg~ll’1’c  and [bc lnLSl) si~. nal
cbail]s). ‘1’0 prcvc[lt saturation  of ltlc  signal chains  during IMIICXJI)  fiigh(s the l}l(::lllll>lij’1~’] g,ail]s
wcrc, ac\jlls~cd  pIC,- fl ig]~(  to pl~)vi& ZIIX)LI( 359fI of a full scaic sigt]iil  frolll  (IIC gl”olllld.  \J’itll tl)CSC

gains, tbc full im(rumen(  apcrlurr would marly  sa(uwlc  (Ilc digilixr  a l  sumct. ‘1’() prL’\’cnt
satula[ion  at bigbcr  solar ang]cs wc ct)ul[i conlmal)(i all a(iiuslab]c iris, (iriven  by s(cp])cr  Illc)(or,

in arc:ti  skps o f  5% a( any time (i Llring  [ilc baiioo[)  fligil[. ‘1’tlc a(ivantagc o f  imf ’iigil[  apcr[urc

rcdL[ction,  ra(hcr than pc-ampl i f ier  gain Iuim:(ion, is that it nxiuccs lbc ;imount  of (ictcc(ion  nom
linearity (because tbc photon  fiuxcs arc kept smal]cr) an(i consi~icrably simplifies its cwrrcc(ion
(because tbc photon fluxes remain practicably constant tlmugbout tile  flight). ‘1’lIc  loss of signal
to-noise  rat io rcsulti ng from apcr(urc  rc(iuction is i nconscqucnl  i al bccausc (i) (be bigb sun spcct ra
have very good signal-to-noise ratios anyway because of the long, avaiiablc  integration lime, an(i
(ii) (be detectors (cspcciaily  InStl) arc nearly ciigili~.:~li(~  ll-lilllitc(i  anyway, so tba( im)vi(icci the
digili~,cr  is filled, tile signal-twnoisc ratio c:innot bc impmvc(i  fur(ilcr. We tmlicv~= Ihat it is far
more important to minimize (11c systc]l]atic errors wi]ici)  arise froll} (ic(cction nm-lincarily  Illan
it is to marginally improve (bc si.gnal-tw noise ratio of ti~c i]i.gb sun simclra. Acii[lsting,  ti~e i[ is
accompiisbes  tilis:  Not oniy arc  lbc nom  photon  fiuxcs im’iden(  uimn (be (ictcc(or  rc(iuccxi, but
tilcy arc aiso bclci  practicably constant throughout the entire f]igbl, ]naintainins  [hc same nom
linearity correction for all spectra, high sun and sunset. “1’bis consistency bctwccn  bigb at]ci low
sun spcc(ra is impor(ant because it minimi~,es  biases which ccmlci  otherwise ciistor[  ti~c si]apcs of
vmr profiles.

As tllc sun sets at a constant angular rate, tbc tangent  points gel fur[ber away from the
balloon. ’l”his mcanst hat tilct:ingcnt  bcig,h(  scl>aratioll  {) fsl]cccssi\'c s~~cctra  gcts1zi[gc.1:i[l(i  larger

unless a way is found to take spcc(ra fas{cr. Since tbc san]pling  spcc~i of tile Mkl V llltc[fc]~lll~c[c]
is fixc(i at 10 kll?, the only way we can take spcclra faslcJ is to simlcn tile maximum optical
path dif’fcrcncc.  So, wllcn the  SCJlaI  x,c]lilll aIIglc cxcc,ccic,ci  !)3[’ wc swi(ch:ci  fr{)lll  60 Cjll (104 s

p e r  spcctrlllll) [0 33 Clll  (54 S pC1’ S] X’CII’LIIH) opticai  ]Jattl  dif’lclcrwc. ‘1’llc!  Consqucllt  10ss of”
spcclrai  Icsolu[ion  is actuaily  I)ot tba( sc.l-ious i)ccausc ltlc  a(n) Osi)lmric a b s o r p t i o n  Iincs st:lr[  [()

13 CCOIIIC prcssLIrc  I)roa(icne(i  anyway i)ciow 25 kIIl al(i[l](ic.

W c  cmIlclLl(ic  that whiic it is II-UC tllal  tbc t) Ioa(i-bau(i  (OJ  sLIrvcy)  approach cIIli)lI)ye(l  by

the  Miil V instrument offers less prccisiot]  than I]:IIIc)\\JcI-iJ:iI)(i species-specific aiy)mtchcs, [lm
Cl’I’()]’ blld~CtS  O f  lllOSt  ~aSCS O f  itltC1’CS( :11’c  :ICtll:iiiy  (ioIllil121tL’(i  i)y SyStCIll:i(iC  tcl”llls  sllch ;!s

unccrhintics  in tile  viewing geometry, ami in tbc forwar(i mo(iel (e.g. Inissiilg spectra] ]incs, zero
offsets, 11.S distortions). Since tbc high resolution survc.y approach iillows really of timsc
(iomimmt systematic error terms to be un(icrstcmct,  allci li]crcby minimized orcvcn  com-ctc~i,  it
is ultimately mom accurate anti useful. l;or cxampic., (i) ‘1’bc availability of ~Oz liJ]cs,  ilaving, a
wicic  range of strcngtbs  and temperature (icpc.n(icncic.sl  grczttly  rc(iucm systematic errors (iLIc to
uncertainties in the viewing geometry or tbc temperature pmfilc, (ii) the availability of narrow,
isolate(i spcctrai  l i n e s  having  a range of Slrcng(tls  aiiows a v e r y  timougil  ins[mmcnt
cbaractcri?a(icm (instrumcntai  iinc sbapc., zero offsets) 10 be pcJ”formcd, (iii) tbc usc of mu]tip]e
absorption ban~is/lines of widciy ~iiffcmt strcng(b ailows high rctricvai accuracy to bc maintaine(i
ovcJ a Cmsi(icrable range of absorber concentrations aJIci imcc ai(itucics.  l:urlhcrmorr, the
simultaneity ami  co-locaii(y of’the observations of tbc various gases permits Jnorc stringent nmicl

comparisons tbaJl woLI1ci  be possibk if fewer gases were mcasLu”cci or if tbc varicms gas profiics

w e r e  Jlot aii  in the  satnc aimass.


